Essential oil extracted from plants is of high commercial value in medicine, cosmetics and perfumery. Enhancing yield and maintaining the quality of oil is of significant commercial importance. Production of oil in plants is dependent on various biotic and abiotic factors to which the plants are subjected during their growth. Plants are exposed to various degrees of stress on account of natural and human-induced factors. Salinization, drought and presence of heavy metals in the substratum cause substantial effect on the yield and quality of bioactive constituents in the oil. In many plants, the level and kind of stress have detrimental effects on the growth and development. This review provides an account of the studies on some common abiotic stresses to which essential oil plants are exposed during their growth period and their influence on quality and quantity of oil. The yield and quality vary in different plants and so is the response. Enhancing essential oil productivity is an important challenge, and understanding the role played by stress may offer significant advantages to the essential oil farmers and processing industry. Scientific evaluation of the data on many important but unexplored essential oil plants will also help in mitigating, ameliorating and minimizing the harmful effects caused by stress. Plants encounter abiotic stresses, and stress related changes at the morphological, cellular and biochemical levels. Comprehensive evaluation of various factors such as pollinator activity, seasonal variation, climatic and edaphic factors has been done on EO plants [1b]. Conditions such as favorable geophysical location, pedological factors and climate show increase in yield of EO in some plant populations. However, there are many reports that suggest an increase of yield in response to edaphic and climatic stress. Contradictory accounts on the response of EO plants to abiotic stresses have opened a new field of research where output has to be studied for individual species/variety at a specific location.
Essential oil (EO) plants constitute almost 2.5% of the total plant diversity in India [1a] . About 1500 species of aromatic plants serve as important sources of EOs. These form an important group of secondary metabolites and constitute 17% of the worldwide market of flavoring and fragrance agents [1b] . Some angiosperm families such as Apiaceae, Rosaceae, Lamiaceae, Asteraceae, Oleaceae and Primulaceae produce high concentrations of EOs [1c] . Out of the total of about 1500 species of EO plants, over 500 have been studied in detail. Composition of EOs and their constituents is highly variable [1d] . EO yield and quality have been used as important parameters of classification. EOs are extremely complex in composition, with a large variety of functional chemical entities, belonging to different chemical classes. A vast array of bioactive constituents belonging to various chemical forms has been isolated from the plants. Compounds isolated have distinct physical and chemical properties that impart unique therapeutic value to the oils [2] .
Biotic and abiotic factors affect the secretion pathway, quantity, and quality of bioactive constituents released by various secretory structures such as glands and trichomes [3] . In the past few decades, research and interest in the field of EO plants has received huge impetus on account of diversified economic uses [4a] . Since EOs are excellent antimicrobial agents and are used as antioxidants, the research in this field is gaining prominence [4b] .
Commercial cultivation of EO plants is undertaken in many parts of the globe. In India, EO plants are grown in Andhra Pradesh, Kerala, Karnataka, Rajasthan, Madhya Pradesh and many other states [5a] . EO plants grow in diverse ecological conditions and show adaptations to extremes of drought, temperature and nutrient imbalance [5b].
Plants encounter abiotic stresses, and stress related changes at the morphological, cellular and biochemical levels. Comprehensive evaluation of various factors such as pollinator activity, seasonal variation, climatic and edaphic factors has been done on EO plants [1b] . Conditions such as favorable geophysical location, pedological factors and climate show increase in yield of EO in some plant populations. However, there are many reports that suggest an increase of yield in response to edaphic and climatic stress. Contradictory accounts on the response of EO plants to abiotic stresses have opened a new field of research where output has to be studied for individual species/variety at a specific location.
Scientific investigations of EO plants have been conducted on an isolated basis, mostly to assess the influence of one or the other single stress factor on yield. However, abiotic stress factors have a cascading effect on plant productivity [6a] . Mild stresses such as salinity, nutrient deficiency/nutrient imbalance and toxicity account for a [8a,8b] . In the last two decades, investigations on bioprospecting of EO plants growing in stressed environments have received further impetus. However, most of the scientific literature is either scattered or focused on a few species belonging to distinct agroclimatic zones.
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The response of EO species to stress factors is highly variable and depends upon morphology, ecophysiology and biochemical characteristics of the plant in question [5b] . There is an urgent need for comprehensive evaluation and data generation on the response of EO plants to a combination of stress factors. It is also important to understand the mechanism operating in these plants at the biochemical and gene level. Therefore, in the present paper, an attempt has been made to discuss the affects of some of the most prevalent abiotic stresses such as salinity, drought and heavy metals on some EO plants.
Effect of salt stress: Salinization is a global environmental problem and is responsible for widespread soil degradation [9a] . It affects about 7% of the world's total land area and is a major environmental factor limiting crop growth and productivity [9b] . In many parts of India, where commercial cultivation of aromatic medicinal plants is undertaken, soil is reported to be saline [9c] . Increased salinity affects primary carbon metabolism, plant growth and development by ion toxicity. It induces nutritional deficiency, physiological water deficit and oxidative stress in plants [9d] .
Preliminary research studied the effect of salinity on some commercially grown EO plants, such as species of Mentha, Salvia and Ocimum [10a] . However, the studies conducted on the effect of salinity on EO yield and quality are not conclusive. This is probably due to the highly variable response of EO plants. Cultivation of some aromatic species is an important means of utilizing and reclaiming salt-affected wasteland. Many researchers have studied the effect of soil salinity on growth, yield and chemical composition of plants e.g., Hyoscyamus niger, Artemisia annua, Trachyspermum ammi, Sesamum indicum and Mentha piperita [10b] . A decrease in plant height, fresh weight and dry weight under high salinity levels has been observed in mint [10c] . Height in peppermint was reduced by about 30%, while in pennyroyal and apple mint it decreased by almost 50%. Experiments conducted on Origanum majorana, with 150 mM NaCl in the substratum, showed a decrease in root, stem and leaf dry matter by 66, 43 and 69%, respectively in comparison with the control [10d]. Similar results were observed with Salvia officinalis at 25 mM NaCl in the soil [10e]. Suppression of plant growth under saline conditions may either be due to decreased availability of water or to toxicity of sodium chloride. On the contrary, an enhancement in the secondary metabolites was found in some EO species. An increase in EO yield was observed for Mentha pulegium in response to salinity [11a] . Coriandrum sativum in salt treated soils also showed an increase in EO yield in fruits. A significant change in oil composition was observed in fruit extracts. Salinity of the soil reduced the fruit yield but enhanced the EO production and changed its composition [11b] . EO content was 0.30% in control plants, but was stimulated at high NaCl concentrations to reach 0.53 and 0.55% under 50 and 75 mM NaCl, respectively, in comparison with the control. The increase in EO productivity was attributed to higher oil gland density [11c].
Salinity may also affect the EO accumulation indirectly through its effect on either the net assimilation or the partitioning of assimilation growth and differentiation processes. An increase in EO yield in response to salinity has been reported in sage (Salvia officinalis). Low and moderate salinity did not have any effect, but when the NaCl concentration in the growth medium was raised to 100 mM the EO yield decreased [10e]. Oil yield enhancement at moderate salt concentration can be considered as an adaptation trait to salinity. Free volatiles are glycosylated and stored in cell vacuoles. These increase cellular swelling and thus contribute to a decrease in the effect of osmotic stress inherent to salinity [12a] . Conversely, decrease in EO production under salinity was observed in several aromatic plants [ Table 1 ]. Reduction in EO yield in response to salt stress is presumably because of inhibition of cytokinin mobility from roots to shoots, thus altering the ratio between leaf cytokinin and abscisic acid [12b]. [19a] . Plants exposed to drought stress produce higher amounts of secondary metabolites in their tissues [19b] . It has been suggested that under stress, a higher density of oil glands, due to reduction in leaf area, results in an elevated amount of oil accumulation [19c] . Such a change in gland frequency could provide a partial explanation for the higher oil content per unit leaf dry weight. Alternatively, stress may also increase the absolute number of glands produced prior to leaf emergence by early divisions in epidermal cells of leaves [11c] . Stimulation of EO production under water stress produces high terpene levels in rosemary leaves because of a lesser allocation of carbon to growth, suggesting a trade-off between growth and defence [20a] . Drought stress induces oxidative stress at the cellular and intercellular level. Since secondary metabolites possess strong antioxidative properties, it may be related to a mechanism to counteract the deleterious effects of ROS [20b] . Conversely, water deficit decreased oil yield of rosemary (Rosmarinus officinalis) and anise (Pimpinella anisum) [21a,21b] on a per hectare basis, although oil yield on a fresh weight basis did not appear to be affected. Thus, depending upon the plant species, drought stress can increase, decrease or have no effect on the levels of metabolites [21c] . Reduction in EO content was noticed in several EO plants in response to water stress [ Table 2 ]. The effect of water stress is not confined to plant growth and EO yield only, but it extends to the quality of the oil. Twenty-two compounds were identified in the EO of S. officinalis aerial parts [18b] . Ketone was the main component of the essential oil of control plants, followed by ether. The contents of ketone and ether increased by up to 267 and 452%, respectively, under water stress. Reduction was seen in the relative concentration of 1, 3, 8-p-menthatriene in the oil extracted from plain-leaved parsley subjected to water stress [22e]. This can be considered detrimental to oil quality, even though it was partly offset by an increase in myristicin, another important aromatic constituent [23a] . In S. hortensis, γ-terpinene decreased under water stress, but the quantity of carvacrol was 3-6% higher than that of γ-terpinene. Variation in EO yield and composition, on account of water stress, could be due to its effect on enzyme activity [23b].
Effect of heavy metal stress: Heavy metals, accumulated naturally in soil and ground water and through industrial and mining processes, pose a potential threat to various terrestrial and aquatic organisms [24a] . The toxic metal pollutants that accumulate in plants enter the food chain and cause harm to humans and animals [24b] . Phosphate fertilizers associated with impurities like Cd, Cu, As and Zn are major pollutants of agricultural soils [24c]. Exposure to high metal concentrations impinges on growth and development of plants [25a] . Alterations in physiological events such as photosynthesis and respiration, and changes in lipid composition, enzyme activity, and distribution of macro and micronutrients at the cellular level, are responsible for altered growth and metabolic functions [25b] .
Experiments conducted on medicinal plants suggest that abiotic factors such as heavy metals may alter the concentration of bioactive compounds by changing a few aspects of secondary metabolism [26a] . Some aromatic and medicinal crops are capable of accumulating heavy metals from contaminated soil [26b] . Response of EO plants to metal stress is variable. Lamiaceae members grow luxuriantly in metal contaminated soils. Experiments have revealed that yields of peppermint (Mentha piperita) and basil (Ocimum basilicum) are not affected by the treatments of Cd, Pb and Cu [26c] . In Anethum graveolens (dill) treated with Cd and Pb in the medium, there was no affect on the yield. High concentrations of Cu (60 and 150 mg/L) reduced the yield and plant height relative to the control. At a Cu concentration of 150 mg/L the growth of dill was severely suppressed and the yield was lower than at 60 mg/L. However, application of heavy metals to the growth medium altered the EO constituents and the composition of both dill and basil. Studies carried out on three mint species, Mentha arvensis, M. piperita, and M. citrata, and their response to Cr and Pb showed interesting results [27a] . Significant decreases in EO yield were observed from both M. arvensis and M. citrata, but an increase in M. piperita. Menthol, the major constituent in M. arvensis and M. piperita, was not affected in response to Cr and Pb, but α-pinene and β-pinene decreased in M. arvensis. Higher yield was obtained in Salvia officinalis as a result of pollution with Cd, Zn and Pb. Good quality sage oil contains a high percentage (>50%) of α-and β-thujones and a low proportion (<20%) of camphor [27b] . Experiments showed decreases in the levels of α-and β-thujones and an elevated camphor level in the leaves of sage grown on heavy metal polluted soil. This indicated a deterioration of EO quality [27c] . Clary sage (Salvia sclarea) is a Cu, Zn and Cd hyperaccumulator and can be used for cleaning metal polluted soil [28] . Preliminary studies carried out on Ocimum basilicum, at 10 and 50 mg/kg As, showed increases in yield of EO in comparison with the control. Alteration in the composition of the EO was also seen. Table 3 lists some plants in which either a decrease or increase of essential oil content was observed in response to heavy metal(s) in soil. The large diversity of bioactive constituents in EO plants makes it difficult to interpret the mechanism of EO synthesis. Although genotype is a major determinant and an obvious reason for large differences in secondary metabolite synthesis, there is considerable evidence to support the contention that environmental factors play no less of a significant role. Variations in the environmental factors are considered important and frequency of operation of stress factors influences EO composition in many plant species. Salt, drought and heavy metal stresses could affect bioavailability of many nutrient ions, which is an important regulatory factor for EO content and composition. Interactive effects of stress factors on EO plants are complicated. The effects may be additive, antagonistic or synergistic. Research till now has been undertaken on only a small number of EO species, and only a few known components have been compared. It will be interesting to carry out studies at the molecular level and understand the genetic basis of tolerance and response in EO species. EO species have enormous diversity, and ecotypes have been identified in many species. Genes responsible for secretion of particular components have been identified. Mutants have been designed for salt, water and metal stress tolerance.
Conclusions: Current research efforts are directed at identification of stress factors to which EO yielding plants are subjected. Understanding the role played by stress on growth and development of EO plants will provide substantial resources and insights to tackle the problems. EOs also play an important role in developing resistance to various biotic stresses. Their role in plant defense mechanisms also needs to be investigated. Any change in substratum significantly affects the plants ability to survive in stressful conditions. There is a myriad of factors that need to be studied on a variety of species. Only selected plants, mostly represented by Lamiaceae, have been covered in detail so far. Since novel components are being isolated and purified, and new plants are being explored for EO, research in future should be taken up on lesser known EO plants.
